The spatial distribution of immunotoxins in solid tumors: assessment by quantitative autoradiography.
The spatial distribution of i.v. administered immunotoxins in s.c. human rhabdomyosarcoma RD2 xenografts was studied. The toxin and immunotoxins were: (a) diphtheria toxin (DT); (b) a binding-deficient form of DT (CRM107) linked to a monoclonal IgG1 antibody (454A12) directed against the human transferrin receptor (454A12-107); (c) the binding-deficient form of DT linked to the Fab' fragment of 454A12 (Fab'-107); and (d) the binding-deficient form of DT coupled to MOPC21, a monoclonal IgG1 with no significant binding to RD2 cells. DT and the immunotoxins were radiolabeled with 125I and injected via the tail vein into tumor-bearing athymic mice (median tumor weight, 0.25 g). Tumors were removed 2, 6, and 24 h after injection of DT or immunotoxin. Film images of 20-microns frozen sections were digitized by video microscopy, and gray levels were converted to tissue concentrations based upon the film response to radioactivity standards and the specific activity of the radiolabeled toxins. Images of the tumors were characterized quantitatively by the kurtosis and the area above threshold; the kurtosis is a measure of the spatial heterogeneity of the radiolabeled immunotoxins, and the area above threshold is defined here as the fractional tumor area that reaches or exceeds 1.5% of the initial plasma concentration. The spatial distribution of DT in the tumors was extremely uniform, characterized by low kurtosis values. In contrast, the autoradiograms of 454A12-107 were punctate in appearance and were characterized by very high kurtosis values. Fab'-107, which has approximately one-half the molecular weight of the intact immunotoxin and binds only monovalently, also produced punctate images with kurtosis values similar to those for 454A12-107. The nonbinding immunotoxin distributed somewhat less uniformly than DT but much more homogeneously than either of the binding immunotoxins. DT, 454A12-107, and Fab'-107 have similar affinities for their respective receptors, but the concentration of binding sites for DT on RD2 cells (<3,000 receptors/cell) is much lower than the concentration of transferrin receptor (60,000 receptors/cell). Thus, the heterogeneous distribution of 454A12-107 and Fab'-107 probably reflects retarded penetration due to binding to the tumor cells. The area above threshold was greatest for DT and lowest for 454A12-107; the fragment and nonbinding immunotoxins had intermediate values. The lower area above threshold for the nonbinding immunotoxin as compared with DT may be due to the considerably large molecular weight and hence the lower capillary permeability and diffusion coefficient of the immunotoxin.(ABSTRACT TRUNCATED AT 400 WORDS)